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(54) Aqueous ink composition 



(57) Disclosed is an aqueous ink composition com- 
prising an aqueous medium and a surface-modified pig- 
ment capable of dispersing and/or dissolving in water 
without a dispersant, wherein the composition has a 
free monovalent anion concentration of 250 ppm or 
less. 
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Description 

FIELD OF THE INVENTION 

5 [0001] This invention relates to an aqueous ink composition having dispersed therein carbon black or an organic 
pigment as a colorant. More particularly, it relates to an improvement of an aqueous ink composition containing a sur- 
face-modified pigment capable of dispersing and/or dissolving in water. 

BACKGROUND OF THE INVENTION 

w 

[0002] Conventional aqueous inks used in writing pens or ink jet printers comprise water-soluble dyes. In order to 
improve image quality or image presentability, pigments such as carbon black have also come to be used as a colorant. 
For example, JP-A-64-6074 and JP-A-64-31881 (the term "JP-A" as used herein means an "unexamined published 
Japanese patent application") disclose aqueous pigment inks having carbon black dispersed with the aid of a surface 

is active agent or a polymeric dispersant. 

[0003] However, known aqueous inks containing pigments steeply increase the ink viscosity where the amount of 
the colorant is increased to increase the recording density. Further, the surface active agent or the polymeric dispersant 
which is added in excess so as to stabilize the disperse system tends to cause foaming or reduction of defoaming prop- 
erties, which may result in printing instability particularly in use in an Inkjet printer. 

20 [0004] To solve these problems, JP-A-8-3498 and JP-A-1 0-1 20958 teach that carbon black modified with a specific 
amount of surface active hydrogen or a salt thereof can be dispersed spontaneously without using a surface active 
agent or a polymeric dispersant. JP-A-1 0-95941 proposes an ink jet ink comprising the above-described surface-mod- 
ified carbon black and a glycol ether. JP-A-1 0-2^1 2426 proposes adjusting each of the total sulfur content and the total 
chlorine content of carbon black to 0. 1 % by weight or less in order to secure ionization of the functional group on the 

25 surface -modified carbon black. 

[0005] The ink comprising the surface-modified carbon black that is capable of spontaneous dispersion is 
extremely effective in maintaining the ink viscosity and printing stability. However, this type of ink turned out to have the 
following disadvantage. In order to make the pigment capable of spontaneous dispersion, the pigment is surface- 
treated with an oxidizing agent, etc. The oxidizing agent, etc. tends to decompose to produce ionic substances. Ionic 

30 substances also generate from sulfur, etc. released from the pigment itself during the oxidation. If these ionic sub- 
stances are produced in quantity, the ink undergoes an increase of viscosity, resulting in reduced storage stability. Such 
a problem does not arise with the aqueous pigment inks having carbon black dispersed with the aid of a surface active 
agent or a polymeric dispersant as disclosed in JP-A-64-6074 and JP-A-64-31 881 supra. 

35 SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide an aqueous ink composition which comprises a surface-mod- 
ified pigment capable of dispersing and/or dissolving in water with no aid of a dispersant and exhibits improved printing 
stability while securing high storage stability. 
40 [0007] The present invention provides an aqueous ink composition comprising an aqueous medium and a surface- 
modified pigment capable of dispersing and/or dissolving in water without a dispersant, wherein the composition has a 
free monovalent anion concentration of 250 ppm or less. 

DETAILED DESCRIPTION OF THE INVENTION . 

45 

[0008] The aqueous ink composition according to the present invention is a dispersion in an aqueous medium a 
surface -modified pigment capable of dispersing and/or dissolving in water without a dispersant, such as a surface active 
agent or a water-soluble resin, which is characterized in that the free monovalent anion concentration is 250 ppm or 
less. TheJanguage "capable of dispersing and/or dissolving in water without a dispersant" as used herein is intended 

so to mean that a pigment can exist in water stably with a dispersible minimal particle size without using a dispersant. By 
the term "dispersible minimal particle size" as used herein is meant the smallest particle size that cannot be reduced 
further even if the dispersing time is extended. It is assumed that carbon black or an organic pigment having a large 
amount of a hydrophilic functional group introduced onto the surface thereof is spontaneously dispersed in water with 
a dispersible minimal particle size just like a water-soluble dye dissolving in water in the form of monomolecules. 

55 [0009] ' Surface modification for making the pigment capable of dispersing and/or dissolving in water without a dis- 
persant can be carried out by bonding a hydrophilic functional group, such as a carboxyl group, a carbonyl group or a 
hydroxy! group, or a salt thereof to the surface of the pigment either directly or via an alkyl group, an alky! ether group, 
an aryl group, etc. Specifically, such surface modification can be effected by oxidizing the pigment surface with an oxi- 
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dizing agent in water by chemical treatment to introduce a carboxyl group, a carbonyl group, a hydroxyl group, etc. or 
by grafting such a functional group or an active species containing the functional group to the pigment surface. It is par- 
ticularly preferred that surface modification be carried out by oxidizing the pigment with a halogenic acid compound, 
such as an aqueous solution of sodium hypochlorite, an aqueous solution of calcium hypochlorite, an aqueous solution 
5 of sodium hypobromite, or an aqueous solution of sodium hypoiodite. Note that hypofluorfte is practically unsuitable for 
surface modification because of its extreme instability. 

[0010] The aqueous ink composition of the invention preferably contains the surface-modified pigment in a concen- 
tration of 1 to 15% by weight, more preferably 2 to 10% by weight, to secure a sufficient image density. 
[001 1 ] With the free monovalent anion concentration being adjusted to 250 ppm or less, preferably 1 50 ppm or less, 

w the aqueous ink composition undergoes no Increase in viscosity and exhibits excellent storage stability even when 
allowed to stand for a long period of time. The monovalent anion species the concentration of which should be control- 
led include halide ions, a nitrate ion, and a low-molecular weight carboxylate ion. Attention should particularly be paid 
to halide ions which are very likely to be present in a considerable amount as a result of decomposition of a halogenic 
acid salt used in wet oxidation for surface modification of the pigment. Such halide ions include a chloride ion originated 

15 in hypochlorites, a bromide ion originated in a hypobromites, and an iodide ion originated in a hypoiodite. These halide 
ions should be reduced to 250 ppm or less. A nitrate ion and a low-molecular weight carboxylate ion are present 
because the substances adsorbed on the pigment surface are released and oxidized with the oxidizing agent. It is also 
necessary to reduce these ions to 250 ppm or less. 

[0012] In order not to deteriorate the disperse state of the dispersion, the control of the free monovalent anion con- 
20 centration is preferably achieved by preparing the ink composition by using the surface -treated pigment dispersion hav- 
ing been purified by reverse osmosis, ultrafiltration, electro-dialysis, or a like technique. It is also possible to add an 
alkali, such as sodium hydroxide, to the dispersion before purification to form a salt with the existing monovalent anions. 
[0013] The free monovalent anion concentration can be determined by, for example, separating the ink composition 
by ultrafiltration into a solid phase and a liquid phase, diluting the liquid phase with uttrapure water, and then analyzing 
25 by ion chromatography. 

[0014] in addition to the free monovalent anions, the ink composition has monovalent anions inside the pigment 
particles or monovalent anions which are so strongly adsorbed on the surface of the pigment particles as not to be 
released even when allowed to stand. Such non-free monovalent anions, which may make the total monovalent anion 
concentration greater than 250 ppm, do not adversely affect the long-term storage stability of the ink as far as the free 

30 monovalent anion concentration is 250 ppm or less. 

[001 5] The pigment which can be used in the ink composition of the invention preferably includes carbon black and 
organic pigments. Carbon black species which can preferably be used include, but are not limited to, #20B, #40 and 
MA100 available from Mitubishi Chemical Corp.; Color Black FW1 8, Color Black S1 70 and Special Black 250 available 
from Degussa A.G.; Conductex SC and Raven 1 255 available from Columbia Carbon Co., Ltd.; and Monarch 700, Mon- 

35 arch B80, and Elflex 1 2 available from Cabot Corp. 

[0016] Examples of suitable organic pigments include azo pigments, phthalocyanine pigments, anthraquinone pig- 
ments, quinacridone pigments, thioindigo pigments, triphenylmethane lake pigments, and oxazine lake pigments. Oil 
soluble dyes, disperse dyes, and the like are also employable as long as they are insoluble in an aqueous medium. 
[0017] Specific examples of useful organic pigments include yellow ones such as C.I. Pigment Yellow 1, 2, 3, 4, 5, 

40 6, 7, 10, 11, 12, 13, 14, 15, 16, 17, 65, and 83; red ones such as C.I. Pigment Red 1. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 14, 15, 16, 17, 18, 19, 21, 22, 23, 30, 31, 32, 37, 38, 39, 40, 49, 50, 51, 52, 53, 55, 60, 64, 83, 87, 88, 89, 90, 112, 
1 14, 123, and 163; blue ones such as C.I. Pigment Blue 2, 3, 15, 16, 22, and 25; and black ones such as C.I. Pigment 
Black 1. 

[0018] The aqueous medium serves as a medium for holding the surface-modified pigment and for imparting ink 
as characteristics to the dispersion. The aqueous medium comprises water, a humectant, and a penetrant. If desired, it 
can further contain a fixing agent, a pH adjustor, an antioxidant and ultraviolet absorber, a preservative (or an antifun- 
gal), and other conventional ink additives. 

[001 9] Water as a component of the aqueous medium includes pure water obtained by ion exchange, ultrafiltration, 
reverse osmosis or distillation, and ultrapure water Water sterilized by ultraviolet irradiation or addition of hydrogen per- 

so oxide is advantageous for logn-term storage of the ink composition or antifungal or antibacterial control. 

[0020] The humectant to be used is selected from water-soluble and highly hygroscopic materials, such as polyols, 
e.g., glycerol, ethylene glycol, diethylene glycol, triethylene glycol, tetraethylene glycol, polyethylene glycol, propylene 
glycol, dipropylene glycol, polypropylene glycol, 1 ,3-propanediol, 1 ,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 
1 ,2,6-hexanetriol, and pentaerythritol; lactams, e.g., 2-pyrrolidone, N-methyl-2-pyrrolidone, and e -caprolactam; ureas, 

55 e.g., urea, thiourea, ethyieneurea, and 1 ,3-dimetrrylimidazolidinone; and saccharides, e.g., maJtitol, sorbitol, gluconol- 
actone, and maltose. The amount of the humectant to be added is selected so that the viscosity of the resulting ink com- 
position containing other additives may not exceed 25 mPa • s. 

[0021] The penetrant is used to improve the wetting properties for a recording medium thereby to accelerate ink 
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penetration. Water-soluble organic solvents and surface active agents can be used as a penetrant. 
[0022] The water-soluble organic solvent as a penetrant includes lower alcohol such as ethanol and propanol; cel- 
losolves such as ethylene glycol mo nom ethyl ether and ethylene glycol monoethyl ether; carbitols such as diethylene 
glycol monomethyl ether, diethylene glycol monoethyl ether, ethylene glycol mono-n-butyl ether, diethylene glycol n- 

5 butyl ether, and triethylene glycol n-butyl ether; and 1 ,2-alkanediols such as 1 ,2-hexanediol and 1 ,2-octanediol. 

[0023] The surface active agent as a penetrant includes anionic surface active agents such as fatty acid salts and 
alky Isu If uric ester salts; nonionic surface active agents such as polyoxyethylene alkyl ethers and polyoxyethylene phe- 
nyl ethers; acetylene glycol type nonionic surface active agents (e.g., Surfynol 61 , 82, 1 04, 440, 465 and 485, all avail- 
able from Air Products and Chemicals Inc.), cationic surface active agents, and ampholytic surface active agents. 

io [0024] Since the surface-modified pigment used in the present invention is capable of dispersing and/or dissolving 
with no aid of a surface active agent as a dispersant, the above-described surface active agent is used only for accel- 
eration of penetration. In other words, where a surface active agent is used to make a pigment dispersible, the surface 
active agent should be selected to exhibit adsorption affinity to the pigment used. In the present invention, the surface 
active agent to be added can be chosen, simply noting the performance as a penetrant with no need to consider such 

75 adsorption affinity. 

[0025] The fixing agent includes water-soluble resins. Suitable fixing agents include water-soluble rosins, alginic 
acid derivatives, polyvinyl alcohol, hydroxypropyl cellulose, carboxymethyl cellulose, hydroxyethyl cellulose, methyl cel- 
lulose, styrene-acrylic acid resins, styrene-acrylic acid-acrylic ester resins, styrene-maleic acid resins, styrene-maleic 
half ester resins, acrylic acid-acrylic ester resins, isobutylene-maleic acid resins, rosin-modified maleic acid resins, pol- 

20 yvinylpyrrolidone, gum arabic starch, polyallylamine, polyvinylamine, and polyethyleneimine. Since the surface-modi- 
fied pigment used in the present invention is capable of dispersing and/or dissolving in water with no aid of a water- 
soluble resin as a dispersant, the above-described water-soluble resin is used only for the purpose of ink fixation. In 
other words, where a water-soluble resin is used to make a pigment dispersible, the resin should be selected to exhibit 
adsorption affinity to the pigment used. In the present invention, on the other hand, the water-soluble resin to be added 

25 can be chosen, simply noting the performance as a fixing agent with no need to consider such adsorption affinity. 
[0026] The pH adjustor includes alkali metal hydroxides md amines, such as lithium hydroxide, sodium hydroxide, 
potassium hydroxide, aqueous ammonia, triethanolamine, and di ethanol amine. 

[0027] The antioxidant and ultraviolet absorber includes allophanates, such as allophanate and methyl allophanate; 
biuret and its derivatives, such as dimethyl biuret and tetramethyl biuret; L-ascorbic acid and its salts; Tinuvin 328, 900, 
30 1 130, 384, 292, 123, 144, 622, 770 or 292, Irgacor 252 or 153, and Irganox 1010, 1076 or 1035, and MD 1024 (all avail- 
able from Ciba-Geigy, Ltd.); and lanthanide oxides. 

[0028] The preservatives include sodium benzoate, sodium pentachlorophenoi, sodium 2-pyridinethiol-1 -oxide, 
sodium sorbate, sodium dehydro acetate, and 1 ,2-dibenzothiazolin-3-one (Proxel CRL, BDN, GXL, XL-2 or TN, availa- 
ble from ICI). 

35 [0029] The present invention will now be illustrated in greater detail with reference to Examples, but it should be 
understood that the invention is not deemed to be limited thereto. 

EXAMPLE 1 

40 [0030] A hundred grams of carbon black (MA100, available from Mitsubishi Chemical Corp.) was mixed with 1 kg 
of water and wet ground in a ball mill together with zirconia beads. To the dispersion was added 400 g of an aqueous 
solution of sodium hypochlorite, followed by boiling for 10 hours to conduct wet oxidation. The resulting pigment disper- 
sion was filtered through a glass fiber filter (GA-100, available from Advantec Toyo K.K.) and washed with water. The 
wet cake was re-dispersed in 5 kg of water, and the dispersion was desalted by ultrafiltration using a Minitan ultrafiltra- 

45 tion system (available from Millipore Corp.; cut-off molecular weight 1 00,000) to an electrical conductivity of 4 mS/cm, 
followed by concentration to a pigment concentration of 15 wt% to prepare a pigment dispersion. 
[0031] Thirty grams of the resulting pigment dispersion, 1 0 g of glycerol (humectant), 5 g of 2-pyrrolidone (humect- 
ant), 4 g of t-pentanol (penetrant), and 1 g of a nonionic surface active agent (Nissan Nonion NS-220, available from 
Nippon QjI & Fats Co., Ltd.) (penetrant) were mixed up, and ultrapure water was added to the mixture to make 100 g. 

so Triethanolamine was added thereto to pH 7.5. The mixture was stirred for 2 hours and filtered through a stainless steel 
filter having a pore size of about 5 urn to prepare an aqueous ink. 

[0032] The resulting aqueous ink was filtered through a centrifugal ultrafiltration unit (Ultrafree 15, available from 
Nippon Millipore; cut-off molecular weight: 1 0,000). The filtrate was analyzed with an ion chromatograph (DX-500, sup- 
plied from Nippon Dionex) to find that the free chloride ion concentration was 250 ppm. 

55 

EXAMPLE 2 

[0033] Forty grams of carbon black (Color Black S170, available from Degussa A.G.) was mixed with 1 kg of water 



4 



BNSDOCIO <EP 1059337A1_I_> 



EP 1 059 337 A1 



and wet ground in a ball mill together with zirconia beads. To the dispersion was added 500 g of an aqueous solution of 
sodium hypochlorite, followed by boiling for 10 hours to conduct wet oxidation. The resulting dispersion was filtered 
through a glass fiber filter (GA-100, available from AdvantecToyo K.K.) and washed with water. The wet cake was re- 
dispersed in 5 kg of water, and the dispersion was desalted by ultrafiltration using a Minitan ultrafiltration system (avail- 
5 able from Millipore Corp.; cut-off molecular weight: 1 00,000) to an electrical conductivity of 3 mS/cm, followed by con- 
centration to a pigment concentration of 15 wt% to prepare a pigment dispersion. 

[0034] Thirty grams of the resulting pigment dispersion, 10 g of glycerol (humectant), 5 g of diethylene glycol 
(humectant), 5 g of diethylene glycol mono-n-buty! ether (penetrant), and 1 g of an acetylene glycol type surface active 
agent (Surfynol 465, available from Air Products and Chemicals Inc.) (penetrant) were mixed up, and ultrapure water 
w was added to the mixture to make 100 g. The pH was adjusted to 7.2 by addition of triethanolamine. The mixture was 
stirred for 2 hours and filtered through a stainless steel filter having a pore size of about 5 u.m to prepare an aqueous 
ink. The free chloride ion concentration of the ink was 98 ppm as measured in the same manner as in Example 1. 

EXAMPLE 3 

15 

[0035] A hundred grams of an organic pigment C.I. Pigment Black 1 was mixed with 1 kg of water and wet ground 
in a ball mill together with zirconia beads. To the dispersion was added 200 g of an aqueous solution of sodium 
hypochlorite, followed by stirring for 5 hours to conduct wet oxidation. The resulting dispersion was filtered through a 
glass fiber filter (GA-100, available from Advantec Toyo K.K.) and washed with water. The wet cake was re-dispersed 
20 in 5 kg of water, and the dispersion was desalted by ultrafiltration using a Minitan ultrafiltration system (available from 
Millipore Corp.; cut-off molecular weight: 1 00,000) to an electrical conductivity of 6 mS/cm, followed by concentration to 
a pigment concentration of 1 5 wt% to prepare a pigment dispersion. 

[0036] Thirty-five grams of the resulting pigment dispersion, 10 g of glycerol (humectant), 5 g of diethylene glycol 
(humectant). and 7.5 g of diethylene glycol mono-n-butyl ether (penetrant) were mixed up, and ultrapure water was 
25 added to the mixture to make 1 00 g. The pH was adjusted to 7.3 by addition of triethanolamine. The mixture was stirred 
for 2 hours and filtered through a stainless steel filter having a pore size of about 5 u,m to prepare an aqueous ink. The 
free chloride ion concentration of the ink was 250 ppm as measured in the same manner as in Example 1. 

EXAMPLE 4 

30 

[0037] Fifty grams of an organic pigment C.I. Pigment Blue 15 was mixed with 1 kg of water and wet ground in a 
ball mill together with zirconia beads. To the dispersion was added 150 g of an aqueous solution of sodium hypochlorite, 
followed by stirring for 1 0 hours to conduct wet oxidation. The resulting dispersion was filtered through a glass fiber filter 
(GA-100, available from Advantec Toyo K.K.) and washed with water. The wet cake was re-dispersed in 5 kg of water, 
35 and the dispersion was desalted by ultrafiltration using a Minitan ultrafiltration system (available from Millipore Corp.; 
cut-off molecular weight: 1 00,000) to an electrical conductivity of 6 mS/cm, followed by concentration to a pigment con- 
centration of 15 wt% to prepare a pigment dispersion. 

[0038] Thirty grains of the resulting pigment dispersion, 10 g of glycerol (humectant), 5 g of diethylene glycol 
(humectant), 5 g of diethylene glycol mono-n-butyl ether (penetrant), and 1 g of an acetylene glycol type surface active 
40 agent (Surfynol 465, penetrant) were mixed up, and ultrapure water was added to the mixture to make 100 g. Trieth- 
anolamine was added thereto to pH 7.2. The mixture was stirred for 2 hours and filtered through a stainless steel filter 
having a pore size of about 5 urn to prepare an aqueous ink. The free chloride ion concentration of the ink was 1 BO ppm 
as measured in the same manner as in Example 1 . 

45 EXAMPLE 5 

[0039] Fifty grams of an organic pigment C.I. Pigment Yellow 74 was mixed with 1 kg of water and wet ground in a 
ball mill together with zirconia beads. To the dispersion was added 100 g of an aqueous solution of sodium hypochlorite, 
followed by stirring for 10 hours to conduct wet oxidation. The resulting dispersion was filtered through a glass fiber filter 
so (GA-100, available from Advantec Toyo K.K.) and washed with water. The wet cake was re-dispersed in 5 kg of water, 
and the dispersion was desalted by ultrafiltration using a Minitan ultrafiltration system (available from Millipore Corp.; 
cut-off molecular weight: 100.000) to an electrical conductivity of 5 mS/cm, followed by concentration to a pigment con- 
centration of 1 5 wt% to prepare a pigment dispersion. 

[0040] Thirty grams of the resulting pigment dispersion, 10 g of glycerol (humectant), 5 g of diethylene glycol 
55 (humectant), 5 g of diethylene glycol mono-n-butyl ether (penetrant), and 1 g of an acetylene glycol type surface active 
agent (Surfynol 465, penetrant)) were mixed up, and ultrapure water was added to the mixture to make 100 g. The pH 
was adjusted to 7.5 with triethanolamine. The mixture was stirred for 2 hours and filtered through a stainless steel filter 
having a pore size of about 5 urn to prepare an aqueous ink.The free chloride ion concentration of the ink was 120 ppm 



5 



BNSDOCID: <EP 1059337A1 J..> 



EP 1 059 337 A1 



as measured in the same manner as in Example 1 . 
EXAMPLE 6 

5 [0041] Fifty grams of an organic pigment C.I. Pigment Red 122 was mixed with 1 kg of water and wet ground in a 
ball mill together with zirconia beads. To the dispersion was added 250 g of an aqueous solution of sodium hypochlorite, 
followed by stirring for 1 0 hours to conduct wet oxidation. The resulting dispersion was filtered through a glass fiber filter 
(GA-100. available from Advantec Toyo K.K.) and washed with water. The wet cake was re-dispersed in 5 kg of water, 
and the dispersion was desalted by ultrafiltration using a Minitan ultrafiltration system (available from Millipore Corp.; 

io cut-off molecular weight: 1 00,000) to an electrical conductivity of 7 mS/cm, followed by concentration to a pigment con- 
centration of 15 wt% to prepare a pigment dispersion. 

[0042] Thirty grams of the resulting pigment dispersion, 10 g of glycerol (humectant), 5 g of diethylene glycol 
(humectant), 5 g of diethylene glycol mono-n-butyl ether (penetrant), and 1 g of an acetylene glycol type surface active 
agent (Surfynol 465, penetrant) were mixed up, and ultrapure water was added to the mixture to make 100 g. The pH 
is was adjusted to 7.6 with triethanolamine. The mixture was stirred for 2 hours and filtered through a stainless steel filter 
having a pore size of about 5 fim to prepare an aqueous ink. The free chloride ion concentration of the ink was 230 ppm 
as measured in the same manner as in Example 1 . 

COMPARATIVE EXAMPLE 1 

20 

[0043] An aqueous ink was prepared in the same manner as in Example 2, except that the desalting was carried 
out to an electrical conductivity of 10 mS/cm. The free chloride ion concentration of the resulting ink was 298 ppm. 

COMPARATIVE EXAMPLE 2 

25 

[0044] An aqueous ink was prepared in the same manner as in Example 3, except that the desalting was carried 
out to an electrical conductivity of 12 mS/cm. The free chloride ion concentration of the resulting ink was 470 ppm. 
[0045] The aqueous inks prepared in Examples and Comparative Examples were evaluated in accordance with the 
following test methods. The results obtained are shown in Table 1 . 

30 

1) Printing Stability 

[0046] A piezoelectric on-demand type ink jet printer MJ-930 (supplied by Seiko Epson Corp.) was loaded with the 
ink, and paper of A4 size was printed continuously to obtain 3000 copies. The printing stability was rated as follows. 

35 

A No printing disturbances was observed until 3000 copies were obtained, or the printer did not need cleaning until 

every 500 or more copies, in average, were obtained. 
B The printer needed cleaning for every 1 00 to 500 copies in average. 
C The printer needed cleaning for every 99 or less copies in average. 

40 

2) Storage Stability 

[0047] The ink was allowed to stand at 60°C for 1 month, and the ratio of the viscosity after the standing to that 
before standing was taken as a measure of storage stability, rated as follows. 

45 

A The ratio was within 95 to 1 05%. 
B The ratio was 80 to 120%. 
C The ratio was less than 80% or more than 1 20%. 
* 

so [0048] The results are shown in Table 1 below. 



TABLE 1 





Free Monovalent Anion 
Concn. (ppm)' 


Printing Stability 


Storage Stability 


Example 1 


250 


A 


A 
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TABLE 1 (continued) 





Free Monovalent Anion 
Concn. (ppm) 


Printing Stability 


btorage otaDiiiiy 


Example 2 


98 


A 


A 


Example 3 


250 


B 


A 


Example 4 


180 


A 


A 


Example 5 


120 


A 


A 


Example 6 


230 


A 


A 


Compara. Example 1 


298 


B 


B 


Compara. Example 2 


470 


B 


C 



[0049] As can be seen from Table 1 , the aqueous ink compositions of Examples 1 to 6, wherein the free monovalent 
anion concentration was controlled to 250 ppm or less, were rated A or B in printing stability and A in storage stability, 
proving satisfactory in both printing stability and storage stability. The aqueous ink compositions of Comparative Exam- 
ples 1 and 2 whose free monovalent anion concentration exceeded 250 ppm had poor storage stability. In particular, 
20 the ink of Comparative Example 2 having a high free chloride ion concentration turned into gel when allowed to stand 
at 60°C, failing to possess both printing stability and storage stability. 

Claims 

25 1. An aqueous ink composition comprising an aqueous medium and a surface-modified pigment capable of dispers- 
ing and/or dissolving in water without a dispersant, wherein the composition has a free monovalent anion concen- 
tration of 250 ppm or less. 



2. An aqueous ink composition according to claim 1 , wherein said monovalent anion is a halide ion. 

3. An aqueous ink composition according to claim 2, wherein said halide ion is a chloride ion, a bromide ion or an 
iodide ion. 

4. An aqueous ink composition according to any one of claims 1 to 3, wherein said surface-modified pigment is carbon 
black having been oxidized with a halogenic acid compound. 

5. An aqueous ink composition according to any one of claims 1 to 3, wherein said surface-modified pigment is an 
organic pigment having been oxidized with a halogenic acid compound. 
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